I. Introduction o realize high speed sub-10nm CMOS, a source heterojunction MOS transistor (SHOT) is a candidate for the high velocity electron injection into the channel from the source, utilizing the excess kinetic energy corresponding to the source-heterojunction band offset [1] . Recently, we have also developed a new abrupt lateral source-heterojunction with relaxed/strained semiconductor layers on a single semiconductor substrate by O + ion induced relaxation technique of strained layers [2]-[4], using breaking the bonds of the strained layer/buried oxide layer (BOX) due to the O + recoil energy, E R at the two-layer interface (two-step relaxation model [4] ). However, in applying this technique to entire wafer, the O + ion induced relaxation technique has the limit to realize both high relaxation rate R and the crystalline quality of the ion implanted semiconductor layers [4] .
In this work, we have experimentally studied a new H + ion induced relaxation technique of strained SiGe layers on BOX (SGOI) to improve the crystalline quality of the ion implanted layers, using the very steep E R distribution of H + ion. We have experimentally shown that the strained SiGe layers can be also fully relaxed even by the H + ion implantation, using Raman spectroscopy. In addition, the crystalline quality of H + ion implanted SiGe layers can be improved, compared to that of O + ion implanted area.
II. Experimental for H + Ion Induced Relaxation Technique
To relax the strained semiconductors on BOX layer without degrading the crystalline quality, the E R distribution of ions is strongly required to be very steep and low in the surface strained semiconductors, but the E R value at the strained-layer/BOX interface is higher than the critical E R value to relax the strained layer [2]- [3] . Fig. 1 Fig.4 shows the R values as a function of the E R at the SiGe/BOX interface in both ion species. It is obvious that both ion species have almost the same E R dependence of the R. Namely, the critical E R value of about 1.510 16 eV/cm 2 to relax the strained SiGe layers is independent of the ion species, whereas the critical E R value depends on the strained layer materials, that is, the bonding energy between the strained-semiconductor/BOX layers [3] . Therefore, we have confirmed that the E R model for relaxing strained layers is also valid even in the Fig.5 shows FWHM values of the ion implanted strained SiGe layers as a function of the E R at the SiGe/BOX interface in both ion species. The FWHM values at H + ions increase with increasing E R , which is the same E R dependence as those at O + ions. Namely, the crystal quality of SiGe layers is degraded by increasing E R .
Here, Fig.6 shows the relationship between the crystallization rate R C and the R values in both ions, according to Figs. 4 and 5 data. When R<80%, both ions have the universal relationship of R C 3.310 3 R. However, when R>80%, the R C at O + ions rapidly degrades. Thus the R C at H + ions is much higher than that of O + ions, which is due to the lower E R values in the SiGe layers, as shown in Fig.2 . This is the advantageous characteristics for H + ions.
Good crystal quality at H + ions is also confirmed by TEM observation of the cross section of the H + ion implanted SiGe layers with the R of 55%, as shown in Fig.7 . We have observed no dislocations in the TEM image.
Here, Fig. 8 (Fig.1) . This is the physical mechanism for higher R C and uniform FWHM at H + ions. However, in the local area of the SGOI substrates, the uniform and high E R of H + ions cause the SiGe layer splitting away from the BOX layer, as shown in Fig.9 , although the SiGe splitting by O + ions never occurs. This phenomenon is also due to the hydrogen induced degradation of the BOX layer bonding, as discussed in smart-cut technology [6] . Therefore, it is necessary to optimize both the H + ion (E A and D I ) and the post annealing processes in relaxing the strained layers on the BOX. 
VI. Conclusion

